rotation is also more effective in preventing deep leaching of nitrate N than continuous corn (Katupitiya et al., Reduced tillage, including no-till, and crop rotation are common 1997; Varvel and Peterson, 1990) . Reduced stress from practices for corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] production in the Midwest. Benefits of no-till vary with latitude pests may be one of the reasons for improved yield with and cropping system. This study was conducted to evaluate the influ-crop rotations (Boosalis and Doupnik, 1976) . ence of seasonal temperature and precipitation on the effects of pri-Reports on the effects of tillage and crop sequence mary tillage (plow, disk, chisel, subsoil, ridge-till, and no-till) and (rotation) on grain yield of both corn and soybean in the rotated and continuous corn and soybean production under rainfed Corn Belt vary considerably. Planting corn and soybean conditions over 16 yr in southeastern Nebraska. Corn and soybean without tillage results in increased yield in some enviproduced less grain with greater summer temperatures. Corn yield ronments but less in other environments. Several reincreased with less spring and more summer rainfall. Tillage and searchers have shown that the crop rotation benefit is rotation practices affected corn grain yield; but only rotation affected greater with no-till than with tillage (Griffith et al., 1988; soybean yield. Corn produced less grain with no-till than with plow.
till than with tillage in studies conducted in Iowa (Chase for soybean, only the pattern of temperature influenced the effect of and Duffy, 1991) , Indiana (West et al., 1996) , northwesttillage on yield.
ern Iowa (Bakhsh et al., 2000) , and Wisconsin (Adee et al., 1994; Lund et al., 1993) . In contrast, yields were greater with no-till in Nebraska (Dickey et al., 1994) N o-till and ridge-till planting are established conand Ohio (Dick et al., 1991) . To further complicate the servation tillage systems in the Midwest. The area issue, no differences in yield between no-till and tilled planted without preplant tillage in the United States is treatments were reported for studies conducted in Michestimated to be 21 ϫ 10 6 ha yr Ϫ1 (38% of U.S. cropland;
igan (Hesterman et al., 1988) and Wisconsin (Al-Darby Conserv. Technol. Inf. Cent., 2000) . The primary reason and Lowery, 1986; Lund et al., 1993) . Corn and/or soygiven by crop producers in Nebraska for practicing conbean yield was greater with ridge-till than with no-till in servation tillage is reduced costs (McCabe, 2002) . Other Indiana (West et al., 1996) but not different in Nebraska important reasons given for adopting conservation till- (Cahoon et al., 1999) and Wisconsin (Al-Darby and Lowage were soil protection, water conservation, increased ery, 1986). Griffith and Wollenhaupt (1994) summarized yield, and increased profit. these differing results by stating that the probability of Rotation of corn and soybean is often preferred to a corn yield increase with no-till is greatest on wellcontinuous cropping with either crop because the rotadrained soil when grown in rotation and in southern latition produces greater grain yield of both crops (Petertudes of the United States. The objective of this research son and Varvel, 1989a and Varvel, , 1989b Varvel, 1994; is to evaluate the influence of seasonal temperature and 1996). Input costs are often less with rotation (Foltz et al., precipitation on tillage and crop sequence (rotation) 1995), with less N fertilizer needed for the corn-soybean effects on the grain yield responses in corn and soyrotation compared with continuous corn. A corn-soybean bean production. NE, under natural rainfall conditions. no-till, ridge-till, and subsoil tillage. Subplot treatments were producers. Currently recommended hybrids of corn and varieties of soybean were planted each year. Planting population continuous corn, continuous soybean, soybean-corn, and corn-soybean so that each phase of all crop sequences was for corn ranged from 40 000 kernels ha Ϫ1 in the early years of the study to 58 000 kernels ha Ϫ1 in more recent years (since presented each year. Whole plots were 18.3 (twenty-four 0.76-m rows) by 22.9 m. Subplots were 4.6 (six 0.76-m rows) 1996). Soybean was planted at rates between 250 000 and 375 000 seeds ha Ϫ1 . Insecticides (which varied over years) were by 22.9 m.
After grain harvest from 1986 through 1999, corn stover applied to corn at planting according to label procedures to reduce rootworm damage. For both corn and soybean, a com-was chopped on the chisel, plow, and subsoil treatments. These treatments were then tilled. Depth of tillage was approxi-bination of pre-and postemergence herbicides (again products varied over the years of study), cultivation, and hand weeding mately 25 cm for the chisel and plow treatments and 36 cm for the subsoil treatment. The straight chisel shanks with straight were used to control weeds. Roundup Ready varieties of soybean have been planted since 1998. Roundup Ready hybrids points were at a 25-cm spacing. The subsoil implement (Blujet Subtiller1, Thurston Manufacturing Co., Thurston, NE) of corn have been planted since 1999. Nitrogen was broadcast to corn at 113 kg N ha Ϫ1 as ammonium nitrate at about the was equipped with standard shanks and fall-till points at a 76-cm spacing and positioned to operate between the planted V3 growth stage. Other plant nutrients were within optimum levels for corn and soybean production. rows. Residue was chopped in spring for the disk, no-till, and ridge-till treatments. Depth of tillage for the disk treatment Corn and soybean were harvested after reaching physiological maturity. Before 1998, yield was determined by hand-was approximately 10 cm. All tilled treatments were disked to Ͻ10 cm depth before planting (including the disk treatment, collecting all ears from an area of at least 9.3 m 2 within each corn plot. Grain was removed from the ears, weighed, and which was disked a second time). No primary or secondary preplant tillage operations were performed on the no-till or sampled for water content determination. During this period, soybean yield was determined by collecting all plants from an ridge-till treatments. Corn was planted in the first week of May as weather and soil conditions allowed, except in 1996 area of at least 4.6 m 2 . Plant samples were air-dried and grain threshed from stover. Grain was weighed and sampled for when planting was delayed, because of wet soil, until 26 May. Soybean planting also depended on weather and soil condi-water content determination. Since 1998, both corn and soybean grain were harvested with a plot combine to determine tions but was usually delayed by 1 wk (by 2 wk in 1989 when soybean was planted on 17 May) after corn was planted. All yield. Three central rows of each plot were sampled. All yield data were adjusted to 155 g Ϫ1 kg Ϫ1 for corn and 130 g Ϫ1 kg Ϫ1 crops were planted in 76-cm rows with a planter equipped with six Kinze Precision Placement Style A row units (Kinze for soybean. Precipitation use efficiency was determined by dividing grain Manufacturing Co., Williamsburg, IA) with double-disk openers. Scalloped trash disks were adjusted to remove 3 to 5 cm yield by annual precipitation (1 October to 30 September) and expressed as kilograms per hectare per centimeter. of soil from the top of the ridge in the ridge-till treatment. In the no-till treatment, the trash disks were adjusted to move 0
Data were analyzed using a split plot in time and space analysis of variance as calculated by SAS PROC MIXED to 2 cm of soil and the old crown from the row. All treatments, except no-till, were cultivated between the V5 and V8 growth (Littell et al., 1996) . Years were considered as split plots in time and a random effect. Block, tillage, and rotation effects stages (Ritchie et al., 1986) for corn and about V5 growth stage (Ritchie et al., 1996) for soybean. At this time, or within were considered fixed in determining the expected mean squares and appropriate F tests in the analysis of variance. 2 wk, ridges were formed in the ridge-till treatment. Both cultivating and ridging were done with a Buffalo row-crop Residuals were similar for all tillage and rotation treatments for both the corn and soybean yields. Alpha ϭ 0.05 was used cultivator (Fleischer Manufacturing Co., Columbus, NE). Since 1999, stalks were chopped on all treatments, and all of in this study to declare effects or differences significant, unless stated otherwise. the tilled treatments (including disk) were tilled in fall after grain harvest. All tilled treatments were disked lightly be-To assess the influence of weather during different parts of the season on productivity, correlations were calculated fore planting.
Other cultural practices were similar to those used by local between grain yield and mean air temperature and total pre- cipitation of weekly intervals over each season (1 October perature, and soil fertility would be desirable." Unfortunately, an independent environmental index describing the yield po-through 30 September). Weekly intervals with high correlations to grain yield tended to cluster, but the clusters were tential of each environment has been difficult to construct given the variation in weather, edaphic, biotic, and management char-not consistent between air temperature and precipitation. Intervals with significant ( p Ͻ 0.05 unless indicated otherwise) acteristics for the duration of the season and the interactions of these characteristics on crop performance. In the absence correlations with grain yield are reported. Results of these analyses are reported as yield response (increase or decrease) of such an independent index, Eberhart and Russell (1966) suggested that a surrogate environmental index can be com-to temperature and precipitation. When we state, for example, that yield was less with high temperature for a specific period, posed of the trial means from the range of environments over which the experiment was conducted, thereby quantifying the we are comparing temperature and the yield response for the specific year to the average temperature for the duration of production potential for each environment in terms of grain yield. This surrogate environmental index has been widely the study. Stated in other terms, if for the specified period, a negative correlation occurred between grain yield and temper-used to execute stability analyses (Saeed et al., 1987; Boman et al., 1997) . For our analyses, the environmental index was ature, this means that greater-than-average yields occurred in years when temperature for the period was less than average. composed of the annual mean yield for the entire experiment (mean of all 12 treatment combinations for each crop). Re-No specific value can be assigned to high or low temperature or precipitation, the specific values differed for each period gressing the treatment means for each environment on the environmental index gave a regression coefficient (␤), which and each comparison. Even though specific values cannot be stated, the significant correlations indicate that the relative is a measure of a treatment's general responsiveness to the environment, and deviations from regression (1 Ϫ r 2 ) and relationship occurred with a frequency greater than can be attributed to chance. standard errors of slope, which are estimates that measure a treatment's specific response to environmental conditions. When treatment ϫ environment (year or site) interactions are significant, the stability model of Eberhart and Russell It is traditional to report and discuss the interactions before presenting the main effects in scientific papers. In this paper, (1966) is a tool often used by crop breeders, geneticists, and agronomists for further analysis (Lin et al., 1986; Mekbib, 2002) .
we deviate from this mold and present the reader a general overview of the main effects before dissecting the interactions. With this model, treatment yield is regressed (linearly) on an environmental index. Eberhart and Russell (1966) stated, "An Therefore, for both corn and soybean, we present a brief summary for the main effect before using the Eberhart and index independent of the experimental varieties (treatments) and obtained from environmental factors such as rainfall, tem-Russell (1966) stability analysis and regression analysis of 56 10.76 10.66 11.07 11.49 11.28 10.86 10.88 10.87 10.62 10.97 10.80  1993  5.65 6.29 5.97 4.97 6.77 5.87 3.54 5.99 4.77 5.85 6.83 6.34 5.76 6.50 6.13 5.49 6.86 6.18 5.21 6.54 5.88  1994  7.76 9.73 8.75 8.15 9.93 9.04 7.05 9.21 8.13 8.57 10.23 9.40 8.05 9.80 8.92 8.02 9.94 8.98 7.93 9.81 8.87  1995  1.73 4.73 3.23 1.61 4.28 2.94 2.45 4.87 3.66 2.36 5.59 3.97 3.27 4.81 4.04 2.90 4.88 3.89 2.38 4.86 3. 6.35 6.02 6.18 6.82 6.44 6.63 6.36 6.71 6.53 4.92 4.59 4.75 6.17 6.18 6.18 6.76 6.16 6.46 6.23 6.02 6.12 2001 5.65 7.51 6.58 6.11 7.06 6.59 5.74 6.28 6.01 5.70 7.46 6.58 5.73 5.83 5.78 6.19 7.73 6.96 5.86 6.98 6.42 Mean 5.68 6.99 6.34 5.77 7.07 6.42 5.44 6.97 6.20 6.19 7.31 6.75 5.94 7.03 6.49 5.96 7.25 6.61 5.83 7.10 6 weekly temperature and precipitation on grain yield to examof 23.0ЊC. The coolest season was 1985-1986 with an ine interactions. We feel this approach improves presentation average temperature of 17.4ЊC. of outcomes from this study.
Corn Yield RESULTS AND DISCUSSION
Tillage, rotation, and year effects, and their two-and three-way interactions, except tillage ϫ rotation, were Seasonal (October-September) total precipitation, and its distribution, varied greatly over the 16 yr of study significant for corn yield (Table 1) . Mean grain yield for the continuous corn treatment was 5.83 Mg ha Ϫ1 for (Fig. 1) . The greatest precipitation occurred during the 1992-1993 season (the 1993 crop, 1142 mm); the least the period 1986 through 2001 (Table 2) ; annual mean yield ranged from 2.38 to 10.62 Mg ha Ϫ1 . For the corn occurred during the 1999-2000 season (the 2000 crop, 446 mm). The average seasonal precipitation for the 16-rotated with soybean, mean grain yield was 7.10 Mg ha Ϫ1 over the 16-yr period of study (Table 2) ; annual season period was 708 mm. March was the driest month over the duration of the study with an average of 51 mm mean yield for rotated corn ranged from 3.10 to 10.97 Mg ha Ϫ1 . The significant tillage effect for corn occurred of precipitation but ranged from 0 (1989, 1994, and 2001) to 75 (1998) cm. June was the wettest month with an because yield with the no-till treatment was less (6.20 Mg ha Ϫ1 ) than with plow (6.75 Mg ha Ϫ1 ; Table 2 ). The average precipitation 113 mm but ranged from 25 (1988) to 187 (1998) cm. Seasonal average temperature for the other tillage treatments had intermediate, and statistically similar, mean yields (chisel, 6.34 Mg ha Ϫ1 ; disk, duration of the study was 19.9ЊC (Fig. 2) . The 1999-2000 season was the warmest with an average temperature 6.42 Mg ha Ϫ1 ; ridge-till, 6.49 Mg ha Ϫ1 ; and subsoil, 6.61 precipitation use efficiency ranged from 29.3-142.1) kg ha Ϫ1 cm Ϫ1 for continuous corn and 114.7 (annual precipitation use efficiency ranged from 36.2-170.2) kg ha Ϫ1 cm Ϫ1 for corn following soybean. These values of precipitation use efficiency, as well as the yields reported above, were similar to those in another study conducted in eastern Nebraska (Peterson and Varvel, 1989a) . In that study, mean yields were 5.5 and 7.6 Mg ha Ϫ1 for continuous and rotated corn respectively, and the means for precipitation use efficiency were 83.6 and 101.8 kg ha Ϫ1 cm Ϫ1 for continuous corn and for corn following soybean, respectively (Varvel, 1994) .
The rotation ϫ year interaction was significant for corn yields (Table 1 ). The fitting process associated with the Eberhart-Russell stability analysis resulted in lines with similar slopes (i.e., lines were parallel) when the observed yield data for rotated and continuous corn were regressed on the environmental index (Table 4) . A greater rotation effect was associated with lower spring temperatures (from 26 March through 13 May; r ϭ Ϫ0.49, p ϭ 0.056; Table 3 ), possibly because of less mineralization of nutrients (Linn and Doran, 1984) un-
Fig. 3. Relationship between total precipitation for the intervals (A)
der cooler soil conditions.
February to 13 May and (B) 23 July to 9 September and corn
Corn yield was generally less in odd-than in evengrain yield for 1986 to 2001. numbered years with a mean difference of 1.9 Mg ha Ϫ1 (p ϭ 0.065); presumably this was a coincidence associ-Mg ha Ϫ1 ; Table 2 ). Yields are often less with no-till ated with the fact that mean July temperature was 1.7ЊC compared with tilled soil in more northerly latitudes, greater in odd years than the even year ( p ϭ 0.052) and but greater yields with no-till are common (Dickey et not an inherent difference in basic productivity of the al., 1994) although not universal (Wilhelm et al., 1987) plots in which corn is grown during odd and even years in the latitudes of southeast Nebraska.
in the 2-yr rotation because rotation treatments were Annual corn yield was less when temperature from randomly assigned to subplots within each tillage treat-28 May through 19 July was high (r ϭ Ϫ0.72; Table 3) , ment in this experiment with a split-plot treatment aragreeing with other results from eastern Nebraska (Yarangement. moah et al., 1998) . Annual corn yield was negatively
The tillage ϫ year interaction (Table 1) was not excorrelated with rainfall from 26 February through 13 plained by regressing treatment means on the environ-May (r ϭ Ϫ0.60; Table 3 and Fig. 3A ). Corn yield was mental index (Table 4 ). The relatively low r 2 value for positively related to rainfall from 23 July through 9 the plow (r 2 ϭ 0.93), continuous corn treatment was September (r ϭ 0.45, p Ͻ 0.1; Table 3 and Fig. 3B ).
because of a major negative deviation from the regres-Yamoah et al. (2000) found that corn yield in northeast sion line in 2000, but this was not explained by the Nebraska was positively related to an index value for weekly weather data analysis. Grain yield with the noprecipitation for the 12-mo period preceding planting till treatment was less than for the plow treatment with in a curvilinear relationship, but this relationship did cooler weather from 19 March through 10 June (r ϭ not occur in the current study.
Mean precipitation use efficiency was 93.0 (annual Ϫ0.53, p ϭ 0.036; Table 3 ). Early-season soil tempera- 69 3.53 3.55 4.06 3.80 3.57 3.99 3.78 3.51 4.10 3.80 3.57 3.90 3.74 3.54 4.31 3.93 3.52 4.01 3.76  1987  2.38  2.28 2.33 2.24 2.41 2.32 2.27 2.43 2.35 2.41 2.63 2.52 2.03 2.11 2.07 2.28 2.18 2.23 2.27 2.34 2.30  1988  2.77  2.98 2.88 2.71 2.92 2.82 2.84 2.47 2.66 2.46 2.57 2.51 2.45 3.09 2.77 2.54 2.95 2.74 2.63 2.83 2.73  1989  1.70  2.34 2.02 1.87 2.06 1.96 1.91 2.05 1.98 2.13 2.27 2.20 1.80 2.02 1.91 1.79 1.92 1.85 1.87 2.11 1.99  1990  2.31  1.88 2.09 1.71 1.80 1.76 1.35 1.34 1.34 2.12 1.93 2.02 1.85 2.10 1.97 2.17 1.77 1.97 1.92 1.80 1.86  1991  2.38  2.22 2.30 2.32 2.18 2.25 2.35 2.17 2.26 1.89 2.21 2.05 2.16 2.21 2.18 2.34 2.21 2.27 2.24 2.20 2.22  1992  2.89  3.07 2.98 3.10 2.91 3.01 3.11 3.16 3.13 2.93 3.00 2.97 2.96 3.18 3.07 3.00 3.09 3.04 3.00 3.07 3.03  1993  2.06  2.32 2.19 2.17 2.30 2.24 2.15 1.53 1.84 2.13 2.39 2.26 2.40 2.40 2.40 2.07 2.22 2.14 2.16 2.19 2.18  1994  2.50  2.96 2.73 3.00 3.10 3.05 2.63 3.00 2.81 2.80 3.12 2.96 2.98 2.97 2.97 2.79 3.02 2.91 2.78 3.03 2.91  1995  1.34  1.44 1.39 1.50 1.60 1.55 1.45 1.49 1.47 1.33 1.46 1.39 1.71 1.81 1.76 1.59 1.57 1.58 1.48 1.56 1.52  1996  2.26  2.90 2.58 2.37 2.82 2.60 1.77 2.53 2.15 2.65 3.08 2.87 1.98 2.74 2.36 2.34 2.89 2.62 2.23 2.83 2.53  1997  2.32  2.64 2.48 2.27 2.55 2.41 2.33 2.73 2.53 2.52 2.87 2.69 2.05 2.52 2.28 2.40 2.69 2.54 2.31 2.67 2.49  1998  2.93  2.98 2.96 2.92 3.04 2.98 3.19 3.21 3.20 3.17 2.74 2.96 3.09 3.31 3.20 2.86 3.16 3.01 3.03 3.07 3.05  1999  2.59  2.85 2.72 2.46 2.83 2.65 3.02 3.13 3.07 2.60 3.11 2.86 2.56 2.84 2.70 2.68 2.78 2.73 2.65 2.92 2.79  2000  1.32  2.25 1.78 1.35 2.06 1.71 1.73 2.61 2.17 1.00 1.38 1.19 1.16 1.99 1.58 1.09 2.14 1.61 1.27 2.07 1.67  2001  2.22  2.52 2.37 2.04 2.57 2.31 2.20 2.57 2.38 2.28 2.58 2.43 2.04 2.40 2.22 2.36 2.49 2.42 2.19 ture was not monitored throughout the duration of this significant for soybean yield (Table 1 ). The average grain yield for soybean rotated with corn for the period study, but in 1987, no-till soil (at 10-cm depth) was 2ЊC cooler than plow or disk while in 1988, soil was warmer 1986 through 2001 was 2.58 Mg ha Ϫ1 , with individualyear average yields ranging from 1.56 to 4.01 Mg ha Ϫ1 with plow than disk and no-till (Baumert-Powers, 1989 ). The yield advantage of plow over no-till, under the (Table 5) . For continuous soybean, the average grain yield was 2.35 Mg ha Ϫ1 but ranged from 1.27 to 3.52 Mg continuous corn system, was increased with greater rainfall from 9 July to 5 August (r ϭ 0.45, p Ͻ 0.10; Table 3 ).
ha Ϫ1 for individual years (Table 5 ). The mean yield increase associated with crop rotation (0.23 Mg ha Ϫ1 ; The rotation ϫ tillage interaction was not significant in this study (p ϭ 0.80; Table 1 ). In Wisconsin, Lund Table 5 ) was similar to that observed in eastern Nebraska by Peterson and Varvel (1989b) where the mean et al. (1993) did not observe a tillage effect on corn yield following soybean (rotation), but continuous corn yields for rotated and continuous soybean were 2.7 and yield was less with no-till than with tillage. They associ-2.4 Mg ha Ϫ1 , respectively. ated the reduced yield of no-till, continuous corn with Soybean yield was not significantly affected by tillage the greater amount of crop residue and cooler soil temsystem or by the tillage ϫ rotation interaction (Tables perature in the spring (2.7ЊC less). West et al. (1996) 1 and 5). Brown et al. (1989) also found no tillage effect also reported less grain yield with no-till than with other on soybean yield in southeastern Iowa. The different tillage systems, but the yield reduction was greater with responses of corn and soybean to tillage may be caused continuous corn than with corn following soybean.
by the later planting dates for soybean than for corn Swanson and Wilhelm (1996) found that different and less impact of low early-season soil temperatures. amount of spring-applied surface residue (one of the In a comparison of tillage treatments, Dickey et al. changes in the soil associated with tillage) did not affect (1994) did observe increased soybean yield with no-till grain yield.
in eastern Nebraska while Lund et al. (1993) reported The rotation ϫ tillage ϫ year interaction (Table 1, reduced soybean yield with no-till in Wisconsin. p ϭ 0.025) for corn yield was not because of differences in treatment response to the environment index (Table 4) . When treatment means were regressed on the environmental index of annual overall mean yields, all slopes were equal to 1. The three-way interaction effect was primarily caused by greater deviations for three treatments [continuous corn with no-till (r 2 ϭ 0.94) and both rotated (r 2 ϭ 0.94) and continuous (r 2 ϭ 0.93) corn with plow tillage] from the normal response of the other treatments to the environmental index as indicated by the lower r 2 values and greater standard error (Table 4 ).
Soybean Yield
The main effects of rotation and year, as well as the tillage ϫ year and rotation ϫ year interactions, were sion lines of soybean yield against the environmental index were 0.91 Mg ha Ϫ1 (Mg ha Ϫ1 ) Ϫ1 with continuous cropping and 0.88 Mg ha Ϫ1 (Mg ha Ϫ1 ) Ϫ1 with rotated cropping under the chisel treatment, indicating less response than with the other tillage treatments to change in environmental conditions (Table 6 ). Yield with chisel was above average when annual mean yield was low but below the mean yield when mean annual yield was high. The slopes of the environmental index vs. yield relationship for all other tillage treatments were not significantly different from 1.0. Temperature from 19 March to 10 June strongly influenced the difference in soybean yield between the plow and no-till treatments (r ϭ 0.51; Table 3 ). Yield of soybean with no-till deviated most from the regression line in 4 yr, three of which (1990, 1993, and 1996) had cool springs and negative deviations, and one (2000) had a warm spring and a positive deviation (Fig. 2 and 5B) . The plow treatment, on the other hand, had negative deviations in 2 yr with warm springs and positive deviations in years with cool springs. For the plow treatments, the deviations were greatest with the corn-soybean rotation. While soil water was not monitored continuously in this study, cumulative water use by soybean was similar both 1987 and 1988. In addition, leaf water potential increased and decreased more slowly (in response to Soybean yield was less with greater temperatures rainfall and drying events, respectively) for no-till than from 23 July to 12 August (Table 3 and Fig. 4) . Yamoah disk and plow (Baumert-Powers, 1989) . As would folet al. (1998) also found increased late-summer temperalow, soybean leaf water potential fluctuated more with ture to be negatively correlated with soybean yield, esplow than with disk or no-till. Mean precipitation use pecially for continuous soybean. efficiency was 36.9 kg ha Ϫ1 cm Ϫ1 (21.1-50.3 kg ha Ϫ1 cm Ϫ1 ) The rotation ϫ year interaction for soybean (Table 1 for continuous soybean and 40.7 kg ha Ϫ1 cm Ϫ1 (21.3-52.2 and Fig. 5B ) was not associated with variations in rainfall kg ha Ϫ1 cm Ϫ1 ) for soybean following corn. or temperature (Table 3) . This interaction may be of limited agronomic importance since the slopes of lines formed for each cropping system when fitted to the CONCLUSIONS mean annual yield (the environmental index) were Similar levels of corn and soybean productivity can equal to one ( Table 6 ). The interaction was presumably be achieved with several tillage systems if well managed. due to relatively greater deviation from the regression Soybean yield with no-till was similar to yields with the lines for rotation under no-till (r 2 ϭ 0.84) and plow other tillage practices. Corn yield was less with no-till (r 2 ϭ 0.86) tillage than the other tillage treatments as than with plow tillage. The advantage of plow tillage indicated by r 2 values (Table 6) . over no-till for corn yield was greatest in years with The significant tillage ϫ year interaction effect was of agronomic importance (Table 1) . Slopes of the regres-low spring temperatures. Use of plow tillage may be 
